Sixteen F 1 grain sorghum crosses, its parents (four female lines and four male lines) and one commercial hybrid as check were evaluated for yield and five other characters in 2014 seasons at Arab El-Awamer Res. Station and Shandaweel Res. Station. Randomized Completed Block Design with three replications was used at each location. The obtained data showed significant orhighly significant differences between locations, genotypes, locationsxgenotypes and location x parents inter actionfor all studied traits except panicle width. Males x females x locations interaction was significant or highly significant for all studied traits. The heterosis values of the better parent ranged from -26.9% in 1000 grain weight to 52.03% in panicle width / plant.Then, the results showed that six crosses were highly significant early flowered than the check and Five crosses were highly significantly out yielded the check 305. The heterosis values of most crosses were highly significant for panicle width, panicle length and grain yield more than the best parent.
Introduction:
In Egypt, grain sorghum is the fourth cereal crop, ranking after wheat, maize and rice. In 2012 season, the area cultivated with grain sorghum was 143.000 ha and the total production was 800,000 metric tons (FAO 2012) . Seventy percent of the area is sown in Assiut and Sohag Governorates. Because of progressive consumption that attributed to the growth of the population, the harvested production is inadequate for local use. Consequently, the base of any current studies is concentrating on high grain yield potential and theother of its attributes in grain sorghum.
The discovery of cytoplasmic male sterile (CMS) lines in sorghum facilitates the production of hybrids. Development of hybrids in Egypt is still depending on exotic CMS and restorer lines. Selection among these lines to produce hybrids depends on their good performance of general and specific combining abilities as a first step for hybrid program. El-Menshawy (1996) , Amir (1999) , Bakheit et al. (2004) and Abo-Elwafa et al. (2005) reported that the hybrids were earlier, taller and had higher 1000 grain weight and grain yield than their better parents. Better parent heterosis showed wide variation reaching to 50.9% for plant height (Mahmoud, 1997) and 16.0, 69.6, 24.2 and 26.0% for earliness, plant height, grain weight and grain yield, respectively (El-Menshawy, 1996) .
General combining ability effects for male parents were positive and significant for plant height, days to 50% flowering, panicle length and width, 1000 grain weight and grain yield. Also, general combining ability effects for females and restorers were positive and significant for all the studied traits except for 1000 grain weight (Mahmoud, 1997) . General combining ability was found to be more important than specific combining for plant height and gain weight (Radwan et al., 1997) . Twelve crosses out of eighty had positive significant differences in specific combining ability for grain yield (Hovny et al., 2000) . The objectives of the present study were to evaluate some grain sorghum genotypes and their hybrid for potential and estimate the general and specific combining abilities, as well as heterosis in the obtained hybrids.
Materials and Methods:
Sixteen crosses of grain sorghum hybrids were developed at Arab El-awamer Station, Assiut and Shandaweel Agric. Res. Station, Sohag, Egypt in 2014 season. These hybrids were developed from four introduced cytoplasmic male sterile lines (A-lines) and four restorer lines (R-lines) using line X tester mating design. The origin of the four male sterile lines and the four restorer are presented in (Table 1) . In 2014 season, the 16 crosses, their parents (four male sterile lines and four restorer lines) and one check (hybrid Shandaweel -305) were grown at Shandaweel, Sohag and Arab El-Awamr, Assiut Agric. Res. Stations. The genotypes in both locations were sown in a randomized complete block design with three replications at both locations.Plot size was one row with 4 meter long and 70 cm apart. Sowing was done in hills spaced 20 cm. Thinning was done to two plants / hill after hoeing (three weeks from sowing) at both locations. Cultural practices were done and followed the recommendations for growing grain sorghum production in Egypt in both locations. Data were recorded on days to 50% blooming, plant height (cm), 1000grainweight, grain yield (g), panicle length and width (cm). A combined analysis over the two locations was done according to Gomez and Gomez (1984) for all studied traits. The combining ability effects were estimated using Line X tester analysis accord-ing to Kempthorne (1957) . Estimates of narrow-sense heritability were calculated according to Kempthorne (1957) . Heterosis was calculated as the percentage of deviation from best parent and its significances was tested by the appropriate L.S.D. test.
Results and Discussion: A-Mean Performance and heterosis:
The results in (Table2) clearly showed that six crosses (no.1,3,4,7,15 and 16) were significantlyearlier than the check hybrid. Five crosses (no.,4,5,6,12 and 16) out of the 16 crosses were significantly surpassing the check hybrid (Sh-305) for grain yield / plant. While, six crosses were significantly taller in plant height than the check which are (no.,2,3,4,5,6 and 7). Two crosses (no., 4 and 16) and six crosses (no., 1,3,6,7,8 and 12) were more than the check inpanicle width and panicle length than the check hybrid,respectively. On the other hand, one cross (no., 9) was higher than check hybrid in 1000-grain weight. The combined analysis over the two locations (Table 3) revealed highly significant differences due to genotypes for all studied traits. The interaction of genotypes x locations was also highly significant or significant for all studied traits. Moreover, parents, crosses, males, females and males x females had highly significant or significant differences for all studied traits. Also, cross X location, parent X location, and females X location were highly significant or sig-nificant of studied traits except for panicle width. The males X location was highly significant for studied traits except panicle width and panicle length. Results also, indicated that highly significant differences were found among parents vs. crosses, indicating the presence of significant average heterosis. The interaction between males X females X locations was highly significant or significant for all studied traits. (Table 4) showed that the heterosis estimates for days to 50% flowering declared that 2 crosses (no.,6,8) out of 16 crosseswere highly significant earlier than the early parent. While, 13 crosses (no., 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 13, 15 and 16) were significant and highly significantly taller than their tallest parent. For 1000-grain weight , 9 crosses (no., 1,3,4,5,6,7,10,12 and 14) out of 16 crosses were heavier than the best parent. The heterosis estimates for grain yield / plant, indicated that 15 crosses were highly significantly exceeded their better parents. The heterosis estimated for panicle length and width, displayed that the 16 crosses had highly significantly exceededthe better parents. In both traits similar results were obtained by Radwan et al. (1997) , Salunke and Deore (1998 ), Haussmann et al. (1999 ) Hovny et al. (2001 and Sayed (2003) . The heterosis estimates for 1000 grain weight were significantly higher than the best parent in 9 crosses (no.,1,3,4,5,6,7,10,12 and 14) .
B-Combining ability: B-1-General combining ability:
The estimates of general combining ability (GCA) effects of the parental lines for all studied traits over two locationsare presented in (Table5). The GCA effects for days to 50% flowering declared that two CMS-lines (ICSB-47 and ICSB-88005) and one R-line (ICSR -89016) had negative and highly significantly GCA effects. These lines may be considered good combiners and having favorable genes for earliness. In addition, for plant height, two R-lines (ICSR -89016 and ICSR-93004) had positive and highly significant GCA effects, meaning that it had desirable gene action for tallness. While, two R-lines (ICSR-90012 and ICSR-89028) had negative and highly significant GCA effects, meaning that these R-lines had desirable gene action for shortness.
For 1000-grain weight, one CMS-line (ICSB-37) and one R-line (ICSR-93004) showedpositive andhighly significant GCA effects, that means these lines had favorable gene action for heavy grain weight.
Regarding to the grain yield / plant, two CMS-lines (ICSB-37and ICSB-88005) and one R-line (ICSR-93004) had positive and significant GCA effects, these lines had favorable genes for grain yield / plant and considered best combiners for grain yield.Concerning panicle width, one CMS-line (ICSB-37) and one R-line (ICSR-93004) showed positive significantly GCA effects, That means these lines had favorable gene action for panicle width. In addition, for panicle length, both (ICSR -89016) and CMC (ICSB-88005) showed positive and significant GCA effects, That means these lines had favorable gene action for panicle length. *,** Significant at 0.05 and 0.01 levels of probability, respectively.
B-2-Specific combining ability effects:
The estimates of specific combining ability (SCA) effects over the two locations were presented in (Table-6). It is clear that six crosses (no., 1, 3, 6, 7, 10 and 16) had negative and highly significant or significant SCA effects for days to 50% flowering, indicating that these crosses are represented the best combination for earliness. While, five crosses (no., 2,4,5,11 and 15) had positive and significant or highly significant SCA effects. In general, crosses which had negative significant SCA effects for days to 50% flowering were early in flowering. These results were in agreement with those obtained by Mahmoud (2002) , El-Abd (2003) , Amir (2004) , Amir (2008) and Mahmoud et al, (2013) who found that crosses had negative significant specific combining ability effects were early flowering. Moreover, general and specific combining ability effects were effective in predicting hybrid performance in all traits.
For plant height, five crosses (no., 3, 5, 10, 12 and 15) had positive and significant or highly significant SCA effects and four crosses (no., 1,8,11 and 14) had negative and highly significant effect SCA, the negative SCA effects indicating that these crosses are represented the best combination for shortness and viceversa for positive SCAeffects.
Eight crosses (no., 1,3,5,7,10, 12,14 and 16) showed positive and significant or highly significant SCA effects for 1000-grain weight, indicating that these crosses may be considered the best combinations for heavy grain weight.
With respect to grain yield / plant, data showed that one cross (no., 6) had positive and highly significant SCA effects, indicating that this cross would be considered the best combiner and had favorable gene combination for grain yield / plant.
Regarding panicle width,five crosses (no., 3,6,11,12,14,16) showed positive and highly significant or significant SCA effects over the two locations and two crosses (no., 1,6) showed positive and significant SCA effects for panicle length indicating that these crosses are represented the
